A device is described which sounds an alarm to warn of oxygen supply failure. A the same time the nitrous oxide flow is cut off, and a reservoir in the device provides a continuing oxygen flow to the patient for about a minute. This results in increased inspired oxygen levels temporarily, reducing the risk to the patient while the oxygen failure is being corrected.
The prime requirement for safe anaesthesia is the maintenance of an unbroken chain of oxygen supply to the cells. Although along this chain there are many vulnerable points, and one can justify the use of devices to measure inspired oxygen, inspired volume, respiration pressures, cardiovascular parameters, blood gases, percutaneous haemoglobin oxygen saturation and so on, there is no doubt that additional safety is ensured by having the anaesthesia machine fitted with a device which warns of oxygen supply pressure failure. Such a device is known as an oxygen failure warning device. A useful ancillary, which further increases the safety, and which may be integral with, or separate from, the above, is a device to shut off the nitrous oxide should the oxygen fail. Such a device is now known as an oxygen failure protection device.
The Standing Sub-committee on Safety in Anaesthesia of the Association of Anaesthetists of Great Britain and Ireland have published the following guide (Memorandum, 1976) to proposed specifications, which it hopes will encourage the development of simple and reliable devices:
" Oxygen Failure Warning Device: Al. The device should be relatively cheap. It should be easily fitted and should be capable of working satisfactorily on all the continuous or intermittent flow machines in common use, whether the oxygen supply is obtained from cylinders or from a pipeline installation.
A2. The device should preferably be fitted permanently to the machine. If all or part of the device has to be detachable (e.g. for sterilization) it should be so designed that it is impossible to give an anaesthetic with that machine unless the detachable part has been correctly replaced. A3. The device should be mounted in an obvious position. If this is not possible a label should be permanently attached to the machine in a prominent place to indicate that the device has been fitted. The label should indicate the purpose, mode of function and method of testing the device and should be easily visible from the front of the machine. A4. The device should be automatically tested whenever the oxygen supply is switched on or off. Provision for testing at other times may be incorporated if desired. A5. The energy required to operate the device should be derived solely from the normal oxygen supply pressure in the line between the cylinder or pipeline inlet to the machine and the oxygen flowmeter control valve. A6. The device should be activated when this pressure falls to a value which is ideally not less than two-thirds and certainly not less than half of the normal oxygen supply pressure to the flowmeter. A 7. When the device is activated it should
give an audible and, if desired, visible warning of the reduction in oxygen supply pressure, even if the patient is not breathing. A8. The audible warning should have a distinctive sound, be clearly audible to a person with normal hearing above a background noise level that may be expected in an operating theatre. The Committee suggests that an SO dB whistle would be adequate but the necessary experimental work has yet to be done. The sound should last for at least 10 seconds. These requirements should be met whether the oxygen supply pressure failure is caused by cylinder emptying or pipe-line disconnection.
Oxygen Failure Protection Dec'ice :
Bl. An oxygen failure protection device should only be fitted in association with, or incorporated in an oxygen failure warning device as specified above. B2. It should comply with paragraphs 1-6
above. B3. It should not be possible to supply any other gas to the patient unless the oxygen supDlies to the flowmeter and oxygen bypass valve are connected and are at their designed operating pressure. B4. "'hen the device is activated it should open the breathing system to atmosphere and preferably shut off the supply of all other gases and vapours. Bo. When the breathing system is opened to atmosphere, rebreathing and resistance to breathing should be minimal." The device to be described fulfills all the criteria set down in this guide, except numbers B4 and Bo above. These latter two criteria are of rather dubious merit, in view of the high proportion of patients in whom the respiration is controlled; disconnection of the circuit with a paralyzed patient would lead to rapid hypoxia.
In keeping with recommendation A5, this device operates entirely from oxygen supply pressure, and is for use on machines with a reduced oxygen pressure of 420 kPa (60 Ib/sq. in). One problem which occurs with oxygen failure devices operated entirely from the oxygen supply, is that the duration of the warning sound is usually limited by the amount of oxygen remaining when the supply fails. When a cylinder is in use, and its pressure begins to fall, there is quite a reservoir of oxygen to operate the warning sound device. However, manv machines are now operated from pipelines, and 'either do not have cvlinders at all, or the cylinder may not be tur~ed on. In this case there is only a relatively small reservoir of oxygen in the pipeline, and particularly if an oxygen-driven ventilator is connected to the machine, this oxygen will be exhausted almost instantaneously, thus making the duration of the warning sound very brief and feeble.
This device, which operates on a somewhat similar principle to the alarm described by Ritchie (1974) , but represents a substantial improvement, overcomes the problem of the rapidly-exhausted oxygen reservoir, by incorporating its own reservoir cylinder of about SOO ml capacity. This cylinder is automatically pressurized to 420 kPa whenever the oxygen supply is connected. Should the oxygen supply fail, the cylinder provides not only a reservoir to actuate the alarm for a prolonged period, but also a simultaneous back-flow of oxygen through the flowmeter to the patient. The volume of this back-flow is approximately half the flow that had previously been set on the oxygen flowmeter. This flow is maintained for the same period of time as the whistle, i.e. 40-50 seconds falling gradually to zero over the last 10 seconds of this period. Further features of this device are that it is entirely automatic; it is self-testing each time the machine is connected to a pipeline or a cylinder is turned on (see recommendation A4). There is no on/off switch. When the oxygen supply begins to fail, the nitrous oxide is cut off immediately, and the alarm sounds. The loudness of the alarm is DO-lOO dB, and sounds for 40-50 seconds (see recommendation AS). This is so shrill and insistent that it cannot be overlooked or confused with other sounds in the operating theatre. A minor but nevertheless relevant point is that there is no pollution-the gas escaping is oxygen only, and the nitrous supply is shut off, not diverted to the atmosphere.
The device was tested initially without reference to the patient circuitry. Varying flows of oxygen and nitrous oxide were set on the flowmeters, with the machine connected to pipeline supply only (i.e. no cylinders turned on). The pipeline was then disconnected at the wall, and the behaviour of the flowmeters, and the duration of the alarm sound were observed.
Immediately the pipeline was disconnected, there was an interval of about 2-3 seconds, during which time the line pressure fell from about 420 kPa to 275 kPa. During this period the oxygen flowmeter fell slightly. At this point the alarm began to sound, and the nitrous flow was abruptly cut off. The alarm sound lasted for nearly 60 seconds in all cases but was fading over the last 15 seconds of this Anaesthesia and Intensive Care, 1'01. VI, No. 1, February, 1f178 time. The average duration of loud alarm sound was 45 seconds. The behaviour of the oxygen flow is indicated in Table 1 . It can be seen that there is a drop from the initial flow, to a value of about 50%, followed by a slow fall-off to zero at 60 seconds.
The device was tested on a pa:tient, breathing spontaneously, with a circle absorber system. Oxygen concentration was measured in the inspiratory limb of the circle with a Beckman D2S paramagnetic analyser. The flows of oxygen and nitrous oxide were 1·0 llmin and 2 '51/min respectively, and as anaesthesia had been in progress about 30 minutes, a reasonably steady state was assumed to exist. The o inspired oxygen concentration was 30%. In the absence of the device, if oxygen supply failure is overlooked, the nitrous oxide continues to flow into the patient system. This situation was simulated by turning off the oxygen flowmeter and it can be seen that the inspired oxygen falls rapidly to dangerous levels ( Figure  1) . By contrast, with the device in use, when the oxygen fails (the pipeline was disconnected from the wall, no cylinder turned on) the nitrous oxide is cut off immediately, and since a continuing flow of oxygen is provided into the patient system, the effect is to raise the inspired oxygen level, which falls only slowly. Different results would be obtained with different initial gas flows. Obviously, if higher flows are in use, the oxygen concentration will fall even more rapidly without the device, because of the higher inflow of nitrous oxide into the circuit. With the device in use, the oxygen would rise slightly more, since the continuing flow of oxygen is greater, at least initially.
If very low flows were in use, the reverse would tend to apply, though the device still supplies oxygen at about half the initial flow.
When used with circuits other than the circle absorber, the reduction in flow could lead to rebreathing. This problem is not easily overcome, except by devices which physically disconnect the patient from the machine, but these are valuable only in spontaneousbreathing situations.
If a cylinder rather than a pipeline supply is in use, the reservoir of oxygen in the emptying cylinder provides an even longer alarm sound, and a longer flow to the patient. Tests with a "335 L" oxygen cylinder showed that the time is at least two minutes. Principle of Operation (See Figure 2) 1. Oxygen supply gas enters at A into chamber D and reserve cylinder 11. For a brief moment before the pressure in chamber D exceeds that exerted by spring 1 on diaphragm 7, a small amount of oxygen escapes into chamber E and out via the alarm giving a short test blast indicating that the unit is functioning correctly. Valve 3 is now closed and the aperture between chamber D and E is sealed. At this point valve 10 is released from the closed p08ition allowing nitrous oxide to flow freely.
2. When the oxygen supply pressure falls to 275 kPa (about 40lbsjsq. in), spring 1 starts to push diaphragm 7 and open valve 3 letting oxygen into chamber E and out through restrictor 12 to alarm. At the same time valve 10 is pushed against diaphragm 5 closing off the flow of nitrous oxide. This gas cannot be set flowing again until the oxygen pressure is reestablished to above 275 kPa at which point it will return automatically to its original flO\v setting. 3. The reserve cylinder (800 ml) remains at normal working pressure by virtue of the non-return valve 2 and release valve 4. When the supply pressure drops to about 150 kPa this reserve is released into chamber E by striker plate 10 activating release valve 4. A portion of this oxygen is channelled back through the flowmeter maintaining a continuing flow to the patient during the sounding of the alarm (40-50 seconds). 4. At any time, when the oxygen supply is re-established, the alarm stops immediatley and the unit returns to the position as in (1) above. 5. Nitrous oxide is completely sealed from oxygen chambers D and E. The device is easily fitted under the top plate of existing machines-usually only one pipe is cut, and the work can be easily carried out by a technician in less than an hour. It is made of plated brass and steel, except for the connections to the reservoir cylinder, which are of flexible high-pressure nylon tubing, to allow the cylinder to be mounted where most convenient.
[This device was kindly supplied by the designer and manufacturer, Mr. R. G. Rowison, 4 Pioneer Crescent, Dunedin, New Zealand, to whom inquiries may be directed.]
